Almost a decade has passed since Chile begins to implement a Thermal Regulation for dwellings, which established a minimum requirement for each building component, according to different climatic zones. This article proposes a series of dynamic simulations, in order to assess the thermal comfort (during winter and summer) of apartments in Santiago de Chile for lower and upper middle class. Some building typologies were defined by means of the two stage clustering methodology. These were built using the properties for sale database of Portalinmobiliario.com (2003 Portalinmobiliario.com ( -2009 . The results of thermal simulations show that the Thermal Regulation has a positive impact in the thermal behaviour of these typologies during the heating season. However, at the same time, there is an important risk of overheating in summer. Key words: thermal comfort, thermal regulation, market niches, real estate market
Introduction
Since almost a decade, Chile has attempted to establish public policies in order to improve thermal comfort in dwellings. Actually, these regulations have been carrying out by means of two successive modifications to the National Building Code, implementing the first and second stages of the Thermal Regulation (2000 and 2006 respectively). These were defined based on a prescriptive approach, since they set a minimum requirement for each building component to satisfy the standard (for instance maximum thermal transmission coefficient of exterior walls or maximum glazing surface). Additionally, the Ministry of Housing and Urbanism have planned a third stage, related to energy certification and focused on a performance-based approach. This model should be implemented during the next year.
In the context of a preliminary study for the second stage of the Thermal Regulation, several building typologies were defined. Each typology was simulated in different climatic zones, in order to assess the impacts of the regulation. These results were expressed in terms of social cost savings regarding the new technical improvements (DECON, 2002) . However, this study did not considerate any aspect of the real estate markets that were been impacted by this regulation. Additionally, thermal simulations were conducted under ideal conditions of location and orientation. Therefore, many of their results just were improvements over these initial assumptions.
The present study was developed during 2009 -three years after the second stage of the Thermal Regulation -with the aim of identify market niches for apartments in the private real estate market of Santiago de Chile. A first approach to define homogeneous market groups was considered, using the two-stage clustering method. After that, thermal behavior of each market niche was obtained, using a dynamic thermal simulation tool.
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Envelope construction and Thermal Regulation
Santiago, capital city of Chile, is placed in the central valley of the country and presents a warm temperate climate with a prolonged dry season (between 7 and 8 months). The annual average temperature is 12.2°C and the thermal oscillation is considerable: the difference between maximum and minimum average temperatures for every month ranges between 10°C and 16°C. These characteristics define a typical Mediterranean climate, with a cold heating season and a prolonged summer, generally associated with high temperatures. Santiago, with 6 million inhabitants concentrates 40% of the population of the country and 65.5% of the private real estate market. According to the National Statistics Institute, 37.4% and 36.0% of new housing during 2006 were built using mainly brick masonry and reinforced concrete in their walls, respectively (INE, 2007) . In both cases, thermal insulation was not traditionally considered. Notwithstanding the required standards of the Thermal Regulation are weak in comparison to the international state-of-art (1.9 W/m2K as maximum admissible Uvalue for walls in Santiago), nowadays apartment buildings in Santiago are including at least 10 or 20 mm of thermal insulation in their walls to give compliance to the code. On the contrary, houses do not need to include thermal insulation in their walls, since just with brick masonry construction it is possible to reach the required standard. In that sense, the added layer of thermal insulation in the apartments, though thin, is able to modify the thermal behavior of them, both in winter and summer. This paper studies in which way this modification is produced and how can be understood from the point of view of the real estate market. 
Private real estate market to apartments in Santiago
During the elaboration of the Thermal Regulation, several building topologies were defined from their general building characteristics (roof, walls and windows specification, surface, number of floors, etc), without consider the key aspects of the real estate market. Also, they were based on building permits statistics for the period 1994 -1998 (DECON, 2000 , which represent a very different scenario in comparison to the current situation (as can be observed in Table 1 ). In that sense, some assumptions considered during the elaboration of the second stage of Thermal Regulation -regarding participation of apartment buildings in the real estate marketnowadays are not completely valid, especially when the focus is Santiago. In the following selection, some market niches for apartments in Santiago will be defined. Afterwards, a "robot apartment" will be proposed for each group, based on the most representative variables of each niche. These models were defined regarding the current real estate supply in Santiago, from the "Portal Inmobiliario.com" web site (http://www.portalinmobiliario.com). Finally, these robots will be simulated with and without the technical requirements of the Thermal Regulation using dynamic thermal simulation software.
Market niches definition by means of a model-based clustering
Description of the database
This study was possible thanks to the "Portalinmobiliario.com" database, which includes 25,711 apartments for sale and their most important real estate attributes, during the period 2003-2008. This database was firstly completed and standardized to afterwards carry out the clustering analysis. In this two-stage clustering analysis, it is not necessary to reduce the variables by means of the principal component analysis (factorial method). In that sense, this procedure reduces discrete and continuous variables in the same form, which cannot be an accurate way to estimate clusters regarding the real estate database considered for this study.
In order to obtain the information for the "robot" apartments, mean values of continues variables for each cluster were calculated (see Table 4 ). These values correspond to the robust averages for these variables in each cluster whereas discrete variables are selected in terms of frequency (mode). In consequence, each cluster was represented by a "robot apartment", which were selected from the "Portal Inmobiliario. Figure 1 presents the layout and the most representative orientation for each cluster, which will constitute the based-models for thermal simulations. Additionally, cluster IV presents two orientations, due to both eastern and western facades are the most representatives (each one with 22% participation). 
Thermal behaviour of clusters
Definition of models for thermal simulation
With the aim of studying the impact of the Thermal Regulation in terms of thermal comfort, certain simulations were made using TAS software (http://www.edsl.net), a dynamic state modelling tool. Figure 1 presents the 5 models, which were assessed by means of this software. TAS estimates the thermal behaviour through a multizone approach, in order to represent correctly significant temperature differences between the different spaces, which can occur especially during summer period (Alvarez, 2009 ). The results were expressed in terms of thermal comfort (heating and overheating degree hours below 20°C and over 26°C, respectively). Internal gains considered for all simulations reached a value of 90 Wh/m 2 /day, which are mainly associated to occupancy, lighting, and equipment. Three scenarios were considered for establishing the impact of the Thermal Regulation in the performance of the clusters. These were defined by means of a before-and-after approach. Table V presents these three scenarios (S1, S2 and S3). Table 6 presents the results in terms of heating and overheating degree hours. For all clusters, reduction of degree hours below 20°C -associated to the extra insulation of the scenario after Thermal Regulation (S2) -varies between 4 and 17%. Evidently, this could represent a very limited improvement. However, when double glazing is applied over the Thermal Regulation requirements (S3), the situation notoriously improves, reaches around 30% reductions.
Results
At the same time, the thermally insulated cases (S2 & S3) show a considerable increase in terms of overheating degree hours when they are compared to the scenario before Thermal Regulation (S1). This increment even duplicates the amount of overheating degree hours in some clusters, specifically when double glazing is considered (S3). In order reduce this overheating level without modifying the thermal insulation; some alternatives regarding passive cooling were studied. Table 8 presents overheating degree hours above 26°C for Cluster I and the three scenarios with different ventilation strategies. In view of these results, some observations could be enunciated:
-The percentage of reduction for V2 and V3 in comparison to V1 is slightly more effective when the envelope is more insulated, such as in the S2 and S3 scenarios (especially in the last one, since it incorporates double glazing).
-V3 is much more effective in absolute terms than the other two ventilation strategies, but probably could be difficult to reach exclusively with a manually controlled system (for reasons of security, privacy, external noise, etc). In that sense, V3 could be considered much less applicable than V2 -at least in the Chilean context -since also air management systems are not common in dwellings. In that sense, although V2 could represent a more real approach than V3, in practice corresponds to an "ideal user" (because windows are operable under very precise and specific conditions). Therefore, this alternative just represents the optimum performance that can be reached through a manually controlled strategy, but not necessarily the behaviour of a common user. Figure 2 presents overheating degree hours in different rooms of Cluster I under different ventilation strategies for both S1 and S3 scenarios (the most favourable and unfavourable in terms of overheating, respectively). The gap between V1 and V2 (represented for S1 and S3 through areas filled with horizontal and vertical lines, respectively) is considerable higher in the thermally insulated case (S3), since here the range of overheating varies significantly. Therefore, in this critical case is very important to determine the most probable ventilation regimen (related to a common user), as way to can more accurately predict the thermal performance of these models. For this reason, a field survey of occupant's habits and preferences with regard to ventilation and other behavioural aspects is proposed as further research for this study. Finally, Figure 3 presents temperature variation for cluster I in different ventilation strategies in the scenario S3. The variation of temperature shows a notorious difference between the three ventilation strategies, especially during the night. However, neither of these strategies is able to reduce completely the overheating during daytime, without reaching the comfort band. From the point of view of the real estate market could be interesting to identify which clusters can reach the summer comfort using just passive cooling techniques. For that, it is clear that it is necessary to integrate other measures, such as solar protection and thermal inertia in the study. 
Conclusions
First of all, the decision of the current Thermal Regulation to incorporate thermal insulation in the external envelope of apartments in Santiago appears as appropriate to improve winter comfort conditions. Also, the results shows that thermal insulation could be convenient even for summer comfort, when is combined with ventilation strategies. At the same time, there is an important future challenge to introduce most restrictive requirements in the regulation and encouraging the use of double glazing.
At the same time, it is necessary incorporate other passive cooling techniques, such as solar protection and thermal inertia (combined to the studied ventilation strategies) in the study, to define how it is possible reach summer comfort without the incorporation of air conditioning. Finally, in view of the obtained results, a field survey of ventilation habits and other behavioural aspects related to occupants in Santiago is proposed as further research. The ventilation strategies used in this article represent at this moment just boundary models (which define the optimum and minimum performance related to ventilation), which should be compared to most realistic patterns in order to can more accurately predict the thermal behaviour of these apartments.
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